The production of prompt photons at high energies provides a direct probe of the dynamics of the strong interactions. In particular, one expect that it could be used to constrain the behavior of the nuclear gluon distribution in pA and AA collisions. In this letter we investigate the influence of nuclear effects in the production of prompt photons and estimate the transverse momentum dependence of the nuclear ratios RpA =
The production of prompt photons at high energies provides a direct probe of the dynamics of the strong interactions. In particular, one expect that it could be used to constrain the behavior of the nuclear gluon distribution in pA and AA collisions. In this letter we investigate the influence of nuclear effects in the production of prompt photons and estimate the transverse momentum dependence of the nuclear ratios RpA = at RHIC and LHC energies. We demonstrate that the study of these observables can be useful to determine the magnitude of the shadowing and antishadowing effects in the nuclear gluon distribution.
PACS numbers: 13.85.Qk; 12.38.-t In the last years the study of heavy ion collisions have provided strong evidence for the formation of a quarkgluon plasma (QGP) [1, 2] , which is one of the main predictions of the Quantum Chromodynamics (QCD). Currently, distinct models associated to different assumptions describe reasonably the experimental data, with the main uncertainty present in these analysis directly connected with the poor knowledge of the initial conditions of the heavy ion collisions. Theoretically, the early evolution of these nuclear collisions is governed by the dominant role of gluons, due to their large interaction probability and the large gluonic component in the initial nuclear wave functions. Such extreme condition is expected to significantly influence QGP signals and should modify the hard probes produced at early times of the heavy ion collision. Consequently, a systematic measurement of the nuclear gluon distribution is of fundamental interest in understanding the parton structure of nuclei and to determine the initial conditions of the QGP. Other important motivation for the determination of the nuclear gluon distributions is that the high density effects expected to occur in the high energy limit of QCD should be manifest in the modification of the gluon dynamics.
One of the nuclear effects which is expected to modify the behavior of the nuclear gluon distribution is the nuclear shadowing (For a recent review see Ref. [3] ). This effect has been observed in the nuclear structure functions by different experimental collaborations [4, 5] in the study of the deep inelastic lepton scattering (DIS) off nuclei. The modifications on F A 2 (x, Q 2 ) depend on the parton momentum fraction x. While for momentum fractions x < 0.1 (shadowing region) and 0.3 < x < 0.7 (EMC region), a depletion is observed in the nuclear structure functions, in the intermediate region (0.1 < x < 0.3) it is verified an enhancement known as antishadowing. These experimental results strongly constrain the behavior of the nuclear quark distributions. However, the nuclear gluon distribution is usually inferred using the momentum sum rule as constraint and/or studying the log Q 2 slope of the ratio F Sn 2 /F C 2 [6] . Due to the scarce experimental data in the small-x region and/or for observables strongly dependent on the nuclear gluon distribution, the current status is that its behavior is completely undefined. It is demonstrated by the analysis of the Fig. 1 , where we present the results for the ratio R g ≡ xg A /A.xg N predicted by the EKS [7] , DS [8] , HKN [9, 10] and EPS [11] parameterizations at Q 2 = 2.5 GeV 2 and A = 208. These four groups realize a global analysis of the nuclear experimental data using the DGLAP evolution equations [12] . From Fig. 1 , we have that currently the magnitude of the shadowing and the presence or not of the antishadowing are open questions. It has motivated several authors to propose the study of different observables in distinct processes to constrain the nuclear gluon distribution (See Ref. [3] ). For instance, in Ref. [13] it was proposed to study the heavy quark and vector meson production in ultraperipheral heavy ion collisions at LHC, while in Ref. [14] the study of the longitudinal and charm structure functions in eA collisions at RHIC. Another possibilities are the heavy quark and quarkonium production in central proton-nucleus and nucleus-nucleus collisions (See e.g. Refs. [15, 16, 17, 18, 19, 20] ). Furthermore, in Refs. [21, 22] the authors have studied the nuclear effects in prompt photon production. This process provides a direct probe of the dynamics of strong interactions and, consequently, of the nuclear gluon distribution, since the dominant mechanism of production at high energies is the Compton scattering q + g → γ + q. More recently, the possibility to observe the nuclear gluon shadowing using high-p T prompt photon production at RHIC and at LHC was discussed in Ref. [23] . It was argued that the production of isolated photons turns out a promising channel for the extraction of R g . In this letter we extend these pre- vious studies considering the more recent nuclear parton parameterizations and estimating the transverse momentum dependence of the ratios
dyd 2 pT at RHIC and LHC energies, where the differential cross section is given in Eq. (1) below. Our goal is to determine if these observables can be used to constrain the different effects expected to be present in the nuclear gluon distribution and to discriminate among the distinct models present in the literature.
Prompt photon production occurs through two types of processes: the direct piece, where the photon is emitted via a point like coupling to a quark, and the fragmentation piece, in which the photon originates from the fragmentation of a final state parton. As the second component can be almost completely reduced by isolation criterion used in the experimental data analysis, we focus our study only in the direct component, which provide a clean probe of the hard scattering dynamics. In this case, the prompt photon production cross section is given by [24] dσ h1h2→γX dydp 2
where x T = 2p T / √ s, y and p T are the rapidity and transverse momentum of the produced photon, f i (x, Q 2 ) are the parton densities, x 1 and x 2 are the momentum fractions of the partons involved in the hard process. In this case we have that x 2 = x1xT e −y 2x1−xT e y and x are the partonic cross sections, which are perturbatively calculable [25] . The contributing LO subprocesses are qg → qγ (Compton),→ gγ (annihilation), followed by the subdominant diagrams→ γγ (pure EM), gg → γγ and gg → gγ. The correspondent LO matrix elements and partonic cross sections can be found in Refs. [24, 25] . In what follows we estimate the differential cross sections for central rapidities. It implies that the cross section at small values of the photon transverse momentum in pP b (dAu) collisions at LHC (RHIC) is determined by the behavior of the nuclear gluon distribution at x g > ∼ 10 −4 (10 −2 ) (See Fig. 1 ). It is important to emphasize that smaller values of x contribute at photon production in the forward rapidity region which can be measured, e.g., with the PHENIX and STAR detectors at RHIC and by the CMS experiment at LHC.
The main input in the calculations of the prompt photon cross section are the nuclear parton distribution functions (nPDF). In the last years several groups has proposed parameterizations for the nPDF, which are based on different assumptions and techniques to perform a global fit of different sets of data (in particular, EPS includes RHIC data) using the DGLAP evolution equations [7, 8, 9, 10, 11] . In Fig. 1 we present a comparison among the distinct parameterizations for the nuclear modification factor for the gluon, R g (x, Q 2 ), at A = 208 and Q 2 = 2.5 GeV 2 . As we can see, these parameterizations predict very distinct magnitudes for the nuclear effects.
For larger values of x, the EKS and the EPS show antishadowing, while this effect is absent for the HKN and EPS parameterizations in the x ≤ 10 −1 domain. The more surprising feature is however the amount of shadowing in the different parameterizations. While the shadowing is moderate for DS and HKN parameterizations and somewhat bigger for EKS one, the EPS prediction has a much stronger suppression compared with the other parameterizations. For smaller x around x ≃ 10 −5 , while DS and HKN parameterizations have about 20% suppression and EKS one have about 40% suppression, for the EPS parameterization this effect goes to almost 80% suppression in the nuclear gluon compared with the A scaled gluon content in the proton! For bigger values of x the behavior is distinct for all parameterizations. As x grows, the DS parameterization predicts that R g grows continuously to 1, that means that the shadowing dies out when x → 10 −1 . The same happens for the HKN one in this limit, but this growth starts only at x > 10 −2 , with R g being flat for 10 −5 < x < 10 −2 . At x ≈ 10 −1 , we have that behaviors predicted by the EKS and EPS parameterizations are similar, with R g exceeding 1.2. The main distinction between these parameterizations is that in the EPS parameterization one has a much steeper growth, from a much stronger suppression at smaller x to the antishadowing behavior for larger values of x.
In what follows we calculate the prompt photon production cross section pA and AA collisions, considering the nuclear parton distributions discussed above, and estimate the ratio between these predictions and the unmodified pp production cross section. The so called nuclear modification ratios, defined in the Eqs. (2) and (3) , EKS [7] , HKN [10] and EPS [11] .
below, could be measured at RHIC and LHC. We analyze the transverse momentum dependence of the nuclear modification ratios. One have that if a proton-nucleus or nucleus-nucleus collision is nothing more than a superposition of nucleon-nucleon collisions, the ratios R pA and R AA should be unity. As the EKS and EPS sets are only evolved to leading order (LO), the calculation of the cross sections is also done at LO accuracy. To be consistent, we pick only the LO version of the other nPDFs we are considering. Besides, since we are only calculating ratios between cross sections, common uncertainties on the normalization of the pA, AA and pp cross sections, due to higher order contributions, are expected to cancel out in the ratios.
In Fig. 2 we present our estimates for the transverse momentum dependence of the ratio R pA defined by
in pA collisions at RHIC ( √ s = 200 GeV ) and LHC ( √ s = 8.8 T eV ). The factorization scale Q is assumed to be equal to the photon transverse momentum p T . The results show distinct behaviors of R pA for the distinct nPDF's and for the different colliders. The difference between the predictions for R pA at RHIC and LHC comes from the kinematical x g range probed in the two cases. While for RHIC the values of x g are ever larger than 10 −2 , in the LHC case the minimum value is 10 −4 , increasing with p T . Consequently, the effects in the nuclear gluon distribution which contribute for the prompt photon production are different in the two colliders. It is verified in Fig. 2 , where we observe that at RHIC, the EKS and EPS predictions implies R pA larger than one for p T ≥ 5 GeV , being substantially larger for EPS, which is directly associated to the magnitude of the antishadowing present in xg A . In contrast, for the DS and HKN predictions we have smaller values for the ratio due to , EKS [7] , HKN [10] and EPS [11] .
the absence of this nuclear effect, with the ratio being larger for the DS prediction than the HKN one. At large p T , which implies larger values of x g , the EKS and EPS predictions decreases due to the EMC effect. From these results we can conclude that the study of the ratio R pA at RHIC can be useful to determine the presence or not of the antishadowing and constrain its magnitude. On the other hand, at LHC energies all parameterizations predict a ratio smaller than one, with the suppression directly associated to the magnitude of the shadowing effect. For instance, we have that the ratio is substantially suppressed in the EPS (EKS) case, being smaller than 0.9 (0.95) at p T ≤ 20 GeV, while in the DS (HKN) case it is almost flat and equal to 0.95 (0.9) in the full p T range. Morever, differently from the DS and HKN predictions, the EKS and EPS one predict a strong transverse momentum dependence. Consequently, the determination of the magnitude and p T dependence of the ratio at LHC are useful to determine the properties of the shadowing in the nuclear gluon distribution. The production of photons can also be studied in the collision of heavy nuclei. The main interest arises from the fact than, once they are produced, photons leave the hot and dense fireball virtually without further interactions (See e.g. Ref. [26] ). In particular, prompt photons constitute a physics background in the search for thermal photons, which are one of the QGP signatures. Therefore, a precise determination of the nuclear effects present in the initial state of the collision and the consequent suppression of the cross section is fundamental for the study of the photon production in ultrarelativistic heavy ion collisions at RHIC and LHC. In what follows we present our estimates for the transverse momentum dependence of the ratio R AA defined by
in AA collisions at RHIC ( √ s = 200 GeV ) and LHC ( √ s = 5.5 T eV ). In this case the nuclear effects are amplified by the presence of two nuclei in the initial state of the collision. Similarly to the pA case, we can see in Fig. 3 that the ratio R AA is strongly modified by the shadowing and antishadowing effects. In particular, the ratio is predicted by the EPS parameterization to be equal to 1.15 at p T = 10 GeV and RHIC energies, while the DS parameterization predicts R AA ≈ 1.0 in the same p T range. Therefore, also in AA collisions at RHIC, the study of prompt photon production can be used to constrain the magnitude of the antishadowing effect. On the other hand, at LHC energies we have that the ratio is strongly suppressed by the shadowing effect, with R g being predicted by the EPS parameterization to be approximately 0.5 (0.7) at p T = 5.0 (10) GeV . Our results indicate that the production of prompt photons with p T ≤ 20 GeV can be used to determine the shadowing effect.
A comment is in order. In this letter we restrict ourselves to the descriptions which use the DGLAP evolution equations [12] to describe the behavior of the nuclear parton distributions. However, at small values of x, it is expected the presence of nonlinear corrections in the QCD evolution (For a recent review see [27] ). In this new regime, the nuclear gluon distribution should be determined by the solution of a nonlinear evolution equation, as for example the GLR-MQ evolution equation [28] . As shown in Ref. [29] , where the prompt photon production in pp collisions was studied considering the solution of GLR-MQ evolution equation for the proton gluon distribution obtained in [30] , new effects are expected when nonlinear PDFs are used in the calculations. A similar expectation is valid for the nuclear case.
In summary, in this letter we have investigated the prompt photon production in pA and AA collisions at RHIC and LHC, considering the collinear factorization and some of the parameterizations for the nuclear parton distributions available in the literature. Our results demonstrate that the nuclear ratios R pA and R AA are powerful observables to discriminate among the different parton distributions in the nuclear medium. In particular, the predicted shadowing by the EPS parameterization is considerably larger than in the previous nuclear PDF's. This strong shadowing effect could be tested at the forthcoming LHC.
